T en years ago, the only available treatment modality for patients with drug-refractory supraventricular tachycardia was surgery. Surgical techniques included direct dissection or cryodesiccation of the His bundle for tachycardia control.1'2 During the past decade, catheter techniques have been introduced that replicate the surgical experience without the expense and morbidity associated with cardiac surgery. The first decade of catheter ablative therapy was directed primarily at disruption of the atrioventricular (AV) junction and, like the surgical approach, entailed the need for life-long cardiac pacing. In essence, this procedure served as a palliative procedure in that intractable supraventricular tachycardia was replaced by the need for permanent cardiac pacing. During the past 2 years, more specific ablative procedures have been introduced for patients with AV nodal reentry and for those with accessory bypass tracts in all locations. The latter procedures hold great promise for providing definitive cure for these patients. It should be emphasized that current catheter ablative procedures represent a direct outgrowth of impressive advances in our understanding of arrhythmia mechanism as well as in the ability to precisely define the anatomic components of the tachycardia circuits in patients with supraventricular tachycardia. The Choice of Long-term Cardiac Pacing Long-term cardiac pacing is required even after failed ablative attempts because failed attempts after DC ablation carry a high risk for later development of AV block. 27 So far, two patients in our series of 100 patients developed acute pacemaker failure and symptoms of fatigue and dizziness owing to bradycardia. Both underwent uneventful generator replacement. In our early experience, most patients were treated with VVI pacemakers. During the follow-up interval, we found that 33% of patients initially treated with VVI units required upgrade to rateresponsive pacemakers.27 An important innovation, particularly for patients with paroxysmal atrial arrhythmias, is the use of DDIR pacemakers. In these patients, the pacemaker is programmed to allow AV synchrony during slower sinus rhythms with rateresponsive ventricular pacing supervening during more rapid atrial arrhythmias.
Modification of Atrioventricular Nodal Function
Ideally, one would like to modify AV nodal conduction to achieve arrhythmia control without producing complete AV block. This approach has been applied to patients with AV nodal reentry. This arrhythmia is thought to be mediated by dual AV nodal pathways, with arrhythmias generated by atrial premature complexes that block in one pathway (fast) but are capable of retrograde excitation of this pathway and initiation of a sustained supraventricular tachycardia.31 Many surgical groups have reported successful tachycardia control (without AV block) by either dissection or application of cryolesions around the AV node.32-34 Available surgical results suggest an efficacy rate of more than 90%, and the chief drawback appears to be inadvertent development of complete AV block, which in the largest reported surgical series was approximately 3%. (Figure 2 ). The initial reports by Warin et a143 used highenergy DC shocks applied to the atrial insertion site of the accessory pathways. These researchers have reported impressive results with this technique, and these results have been replicated by Swartz et al. 44 An alternative approach has been suggested by Jackman et a145 in which catheter-delivered radiofrequency energy is applied at the tricuspid or mitral anulus. In this technique, the electrode catheter is manipulated (retrograde left ventricular catheterization is used for left free wall sites) against the respective anulus over the putative site of the accessory pathway. The latter has been defined using classic endocardial mapping procedures as well as direct recordings from the Kent bundle. The impressive results of radiofrequency applications reported by Jackman et a145 have been confirmed by other groups.46,47 Right free wall pathways are approached from either the superior or the inferior vena cava using similar techniques. We have found it of value to more accurately locate the right-sided pathways by using an electrode catheter inserted into the right coronary artery, as suggested by Swartz et a144 (Figure 3) . This is done because of the serious limitations of standard catheter techniques in accurately mapping pathways traversing the tricuspid anulus. Pathways traversing the posteroseptal space may be approached by application of high-energy shocks either just outside the coronary sinus or in close proximity to this structure. 48 Initial reports for pathways in all locations using either DC shocks, which have been reported largely from France, or radiofrequency ablation, which have been reported from the United States, show comparable degrees of efficacy compared with the surgical approach. Complications with the catheter technique have been infrequent and largely associated with use of high-energy DC shocks. The most serious complication reported so far was the rare occurrence of sudden death after DC ablation; other reported complications include coronary spasm and myocardial perforation.49 To date, the incidence of serious adverse effects using radiofrequency application for accessory pathway disruption appears to be very low; one instance of spasm of the left circumflex coronary artery with development of acute myocardial infarction has been reported.46 In our experience using catheter ablation with radiofrequency applications to 50 consecutive patients, the efficacy rate is 88% and the only significant complication was one instance of pericardial tamponade that required urgent pericar-V T PACE-MAP pacing spike and QRS similar to the interval from diastolic potential to QRS, then these findings are interpreted as pacing within the critical slow zone. In addition, efforts are made to identify middiastolic potentials during tachycardia56 ( Figure 5 ) and to entrain the tachycardia during pacing47-59 ( Figure 5 ).
Once the putative site of origin of ventricular tachycardia is located, varying energy sources are then applied to this site in an effort to ablate the focus. The greatest amount of experience has been gathered using high-energy DC shocks applied to the endocardial site by a standard defibrillator. The shocks are usually delivered from the unipolar, distal electrode closest to the ventricular tachycardia site to a chest lead applied in closest approximation to the catheter electrode.60 An alternative approach has been suggested for ventricular septal foci. In this approach, the earliest left and right septal activations are detected by endocardial mapping.61 The catheters are manipulated so that the distal electrode of each catheter is positioned as close as possible to the site of tachycardia origin from both right and left septal surfaces. One or more shocks are delivered from one distal electrode to the other across the septum via a standard DC defibrillator. The reported 
The most comprehensive report detailing results of high-energy DC shock for patients with ventricular tachycardia comes from a voluntary international registry. 64 In a final summary report involving 164 patients with ventricular tachycardia, the overall incidence of complete tachycardia cure (without need for supplemental antiarrhythmic agents) was 18%, and an additional 41% appeared to be improved with drug therapy. Unfortunately, there was a high incidence of serious procedure-related complications, including death. A total of 11 procedure-resulted deaths were reported and resulted from electromechanical dissociation, induction of nonresuscitable ventricular arrhythmias, or progressive intractable heart failure. Other serious complications included major cerebrovascular accidents, myocardial perforation, or arterial thrombosis. Varying results have been reported from a number of investigators. Frank et a165 reported impressive successes using highenergy DC shocks, whereas more recent reports have described use of radiofrequency application for patients with ventricular tachycardia.
In contrast to the generally poor results reported for catheter ablation of ventricular tachycardia foci,66-68 certain ventricular tachycardia patient subgroups may respond very favorably to catheter techniques. Most impressive results have been reported, for example, for patients with bundle branch reentry.69 This tachycardia is more apt to occur in patients with very dilated hearts and electrocardiographic evidence of intraventricular conduction delay. 69 The tachycardia mechanism usually involves antegrade conduction over the right bundle branch and retrograde conduction over the left bundle branch. Because the right bundle branch is a critical component of the tachycardia circuit, ablation of this structure should lead to tachycardia cure. The proximal right bundle branch is superficially draped over the right ventricular summit and is readily accessible to a catheter. The structure is further localized by recording a specific right bundle branch potential. Application of either high-energy DC shock69 or radiofrequency energy70 to the right bundle has been shown to be effective for tachycardia control. Others have reported successful application of catheter techniques to patients with tachycardia emanating from the right ventricle.71'72 Great care must be used in application of high-energy DC shocks to this region to avoid myocardial perforation. Surgery is reserved for patients who fail to respond to catheter ablative therapy. In contrast, catheter ablative procedures should be applied with great caution to patients with ventricular tachycardia considering the limited reported efficacy and serious complications. Catheter ablation is generally reserved as the procedure of last resort for patients with intractable ventricular arrhythmias that are unresponsive to or unsuitable for either cardiac surgery or treatment with an internal defibrillator.
Future directions include development and refinement of catheters and energy sources, allowing wider applications of catheter techniques. Energy delivery systems avoiding the barotrauma associated with high-energy shocks will be increasingly used. In addition, radiofrequency or microwave energy73 delivery systems that avoid development of high impedance because of tissue surface-catheter interactions will soon become available. A number of novel catheter designs allow increased flexibility and effectiveness, particularly in treating patients with supraventricular tachycardia. We are rapidly approaching an era in which the typical patient with paroxysmal supraventricular tachycardia is studied and cured during the same session. 46 An important goal is to develop techniques to reliably modify AV nodal conduction in patients with atrial fibrillation. It is further anticipated that the more widespread use of catheter procedures will result in curtailment of surgical procedures. It appears prudent to limit cardiac electrosurgery to a relatively few experienced centers; it would be illogical to encourage proliferation of cardiac electrosurgical centers with the attendant enormous costs of electrical equipment and personnel when the patient pool requiring surgery is anticipated to shrink.
